Abstract Background: Low effectiveness of chemotherapy in ovarian cancer results from development of drug resistance during treatment. Topotecan (TOP) is a chemotherapeutic drug used in second-line chemotherapy of this cancer. Unfortunately, during treatment cancer can develop diverse cellular and tissue specific mechanisms of resistance to cytotoxic drugs. Methods: We analyzed development of TOP resistance in ovarian cancer cell lines (A2780 and W1). On the base of our previous results where a set of "new genes" with different functions that can be related to TOP-resistance was described hereby we performed detailed analysis of MYOT expression. MYOT mRNA level (real time PCR analysis), protein expression in cell lysates and cell culture medium (western blot analysis) and protein expression in cancer cells (immunofluorescence analysis) were determined in this study. Results: We observed increased expression of MYOT in TOP resistant cell lines at both mRNA and protein level. MYOT, together with extracellular matrix molecules like COL1A2 and COL15A1 were also secreted to corresponding cell culture media. Conclusion: Our results suggest that upregulation of MYOT can be related to TOP resistance in ovarian cancer cell lines.
Introduction
Epithelial ovarian cancer (EOC) is the most leathal gynecological malignancy. Poor prognosis results from a late diagnosis, usually at stage III or IV according to FIGO classification and development of resistance to chemotherapy [1] . Although most patients respond well to cytotoxic chemotherapy at the beginning of treatment eventually they develop drug resistance in most cases [1, 2] . For most patients the surgery following chemotherapy is the main option of treatment [2] . In the first line chemotherapy regimens combined chemotherapy of platinum and taxanes is used [3] . The second line chemotherapy is based on the patient's response to first line and is composed of platinum, taxanes, doxorubicin, gemcitabine or topotecan (TOP) [4] [5] [6] . Unfortunately, most patients with ovarian cancer eventually develop drug resistance leading ineffectiveness of further treatment.
Mechanisms of cancer drug resistance can be divided into two main groups. 1) Mechanism specific to cancer cells like: decreased accumulation of the drug in the cancer cell, change of drug cellular localization, faster inactivation of drug, faster repair of DNA and other cellular components, mutations in
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International Publisher genes encoding target proteins. However, the most significant mechanism of drug resistance at the cellular level is the expression of drug transporters from the ABC family [7] . Among them the most important are glycoprotein P (P-gp) and breast cancer resistant protein (BCRP) and both are involved in TOP-resistance [8, 9] . 2) Mechanism specific to cancer tissue. Tumor tissue can be an effective barrier to drug diffusion because of dense cellular structure [10] , growth-induced solid stress [11] and expression of extracellular matrix (ECM) components like proteoglycans and collagens [12] . It has been reported that some cytotoxic drugs like Paclitaxel (PAC), Doxorubicin (DOX), Methotrexate (MTX) and Vinblastine (VIN) can bind to cellular molecules making them not available for tumor tissue [12] . Components of ECM not only block drug diffusion but also interact with cancer cells and inhibit their sensitivity to apoptosis [13] . This phenomenon is designated as a cell adhesion-mediated drug resistance (CAM-DR) [14] and was observed in vivo [15] and in vitro [16] . Expression of ECM components has also been reported in drug resistant ovarian [17, 18] and breast [19] cancer cell lines, which indicates that expression of ECM components may play a crucial role in tissue mediated drug resistance as well as drug resistance at cellular level.
Topotecan is an anticancer drug used in the treatment of ovarian cancer [5] , cervical cancer [20] and small cell lung carcinoma [21] . It is a semisynthetic derivatives of alkaloid camptothecin, isolated from extracts of the tree Camptotheca acuminate [22] . Topotecan inhibits activity of DNA topoisomerase I, an enzyme involved in DNA helix overwinding or underwinding in the cell nucleus [23] . Stabilization of the enzyme-DNA complex results in blocking of DNA replication and transcription and in consequence leads to cancer cell death [24] . Unfortunately, cancer can develop different mechanisms of TOP-resistance during chemotherapy. Downregulation of topoisomerases I expression or mutation in their genes makes these enzymes less sensitive to drug action [25] . However, the most significant mechanism of TOP-resistance at cellular level is an active transport of this agent from cancer cells. The most important drug transporter playing role in this process is BCRP although we also observed P-gp-dependent TOP-resistance [8, 9] . Among tissue-specific mechanisms of drug resistance the expression of ECM components like lumican [26] or/and different collagens [27] seems to play a considerable role. Recently we also described a set of "new genes" with different functions that can be related to TOP-resistance [28, 29] .
Myotilin (MYOT) is encoded by MYOT gene located on chromosome 5q31.2. This is a 55.3kDa protein containing of 498 amino acids. It comprises two C2-type Ig domains flanked by a unique serine-rich N-terminus and a short C-terminal tail. This is a structural protein with expression restricted to skeletal and cardiac muscle [30] . It localizes to the sarcomeric Z discs and interacts with structural proteins like: actinin [31] , filamins [32] and FATZ proteins [33] among others. It has been observed that MYOT is mutated in different forms of muscular dystrophy [34] . The best of our knowledge the role of MYOT in drug resistance or even in any cancer type has not been described so far. Our previous microarray results indicated that MYOT was overexpressed in three TOP-resistant ovarian cancer cell lines [35] . In this study, we performed detailed analysis of MYOT expression at mRNA and protein levels in A2780 (commercially available) and W1 (primary ovarian cancer cell line established in our laboratory) TOP-resistant ovarian cancer cell lines and in their corresponding media. Our results indicate that MYOT can be a novel gene involved in TOP-resistance in ovarian cancer.
Materials and Methods

Reagents and Antibodies
TOP was obtained from Sigma (St. Louis, MO, USA). RPMI-1640 and MEM medium, fetal bovine serum, antibiotic-antimycotic solution, and Lglutamine were also purchased from Sigma (St. Louis, MO, USA). Mouse monoclonal anti-MYOT Ab (B-3), goat polyclonal anti-COL1A2 Ab (M-19) and goat polyclonal anti-COL15A1Ab (N-20) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, US). Donkey anti-goat horseradish peroxidase-(HRP) conjugated Ab was purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The MFP488 fluorescent secondary antibody was obtained from MoBiTec (Goettingen, Germany). The mounting medium with DAPI was obtained from Santa Cruz Biotechnology (Santa Cruz, CA, US). Columns for protein isolation from serum were purchased from Merck Millipore (Billerica, MA, USA). Western blot reagents (membranes, gels and protein marker) were purchased from Biorad (Bio-Rad Laboratories, Hemel Hempstead, UK).
Cell lines and cell culture
In our study we used two ovarian cancer cell lines: the established ovarian cancer cell line A2780 and the primary ovarian cancer cell line W1. The human ovarian carcinoma A2780 cell line were purchased from ATCC (American Type Culture Collection, Manassas, VA, USA). A2780 sublines that were resistant to TOP [A2780TR1 and A2780TR2 (A2780 topotecan resistant)] were generated by exposing A2780 cells to TOP at incrementally increasing concentrations. The human primary ovarian cancer cell line W1 was established in our laboratory using ovarian cancer tissue obtained from an untreated patient. W1 subline resistant to TOP [W1TR (W1 topotecan resistant)] was obtained by exposing W1 cells to TOP at incrementally increasing concentrations. The final concentration used for selecting the resistant cells was 24 ng/ml of TOP and was two-fold higher than the plasma concentrations of the TOP two hours after intravenous administration. The increase in resistance according to parental drug sensitive cell lines were as follow: 59.6 fold for A2780TR1 vs A2780 and 48.5 fold for A2780T2 vs A2780; 20.0 fold for W1TR vs W1, as described previously [8, 9] . All of the cell lines were maintained as monolayers in complete medium [MEM medium (A2780), and RPMI-1640 medium (W1) supplemented with 10% (v/v) fetal bovine serum, 2 pM L-glutamine, penicillin (100 units/ml), streptomycin (100 units/ml) and amphotericin B (25 μg/ml)] at 37°C in a 5% CO2 atmosphere.
Examination of Gene Expression Using QPCR
The changes in MYOT expression in the A2780, W1 and drug-resistant cell lines were examined. RNA was isolated using the GeneMATRIX Universal RNA purification kit (EURx Ltd. Gdansk, Poland) as described by the manufacturer's protocol. Reverse transcription was performed using M-MLV reverse transcriptase (Invitrogen by Thermo Fisher Scientific, Waltham, MA, USA) and a thermal cycler (Veriti 96-well Thermal Cycler) as described in the manufacturer's protocol. Two micrograms of RNA were used for cDNA synthesis. Real-time PCR was performed using the 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA), Maxima SYBR Green/ROX qPCR Master Mix (Thermo Fisher Scientific,Waltham, MA, USA) and the sequence-specific primers that are indicated in Table 1 . Glyceraldehyde-3-phosphate dehydrogenase (GADPH), β-actin, hypoxanthine-guanine phosphorribosyltransferase 1 (HRPT1) and beta-2-microglobulin (β2M) served as the normalizing genes (geometric mean) for the gene expressions being analysed. Gene expressions were analysed using the relative quantification (RQ) method. The RQ method estimates the differences in gene expression against a calibrator (drug-sensitive line) (RQ of the calibrator = 1). The drug-sensitive A2780 or W1 cell lines were used as the calibrator. The analysis was conducted using the following standard formula: RQ = 2 − ΔΔCt (where ΔΔCt = ΔCt of the sample (drug-resistant line) − ΔCt of the calibrator (drug sensitive line)). The graphs were plotted using Sigma Plot. For amplification, 12.5 μL of Maxima SYBR Green/ROX qPCR Master Mix (Thermo Fisher Scientific,Waltham, MA, USA), 1 μL of each primer (Oligo, Warsaw, Poland) (Table 1), 9.5 μL of water, and 1 μL of cDNA solution were mixed together. One RNA sample from each preparation was processed without the RTreaction to provide a negative control in the subsequent PCR reaction. Sample amplification included a hot start (95°C, 15 min) followed by 40 cycles of denaturation at 95°C for 15 seconds, annealing at 60°C for 30 seconds, and extension at 72°C for 30 seconds. After amplification, melt curve analysis was conducted to analyse the product melting temperatures. The amplification products were also resolved using 3% agarose gel electrophoresis and visualized by ethidium bromide staining. 
Protein isolation from cell culture and media
The cells (1 × 10 6 cells/25 μL lysis buffer) were lysed in RIPA buffer containing protease inhibitor cocktail (Roche Diagnostics GmbH, Mannheim, Germany) for 60 min on ice at 4°C. The lysates were centrifuged at 12000 × g for 15 min at 4°C, and protein concentrations were determined using the Bradford protein assay system (Bio-Rad Laboratories, Hemel Hempstead, UK). To isolate proteins from media, cells were cultured in serum-free media for 72 hours. Next, the media were centrifuged at 15 000 rpm for 30 min at RT. Then, the supernatants were transferred to Amicon Ultra-15 3K centrifuge filter devices and centrifuged according to the manufacturer's instructtions (60 min, 4 000 x g, RT, swinging-bucket rotor).
SDS-PAGE and Western Blot Analysis of MYOT, COL1A2 and COL15A1
Thirty micrograms of protein from each sample was resuspended in 4 x loading buffer (Bio-Rad Laboratories, Hemel Hempstead, UK) and incubated at RT for 20 min. The resuspended protein was loaded into each well and separated on a 4-20% mini-PROTEAN ® TGX™ precast gel using the SDS-PAGE technique. The proteins were transferred to a nitrocellulose membrane, blocked with 5% milk in TBS/Tween (0.1 M Tris-HCl, 0.15 M NaCl, 0.1% Tween 20) and immunodetected using mouse anti-MYOT Ab at 1:1000 dilution, goat anti-COL1A2 Ab at 1:1000 dilution or goat anti-COL15A1 at 1:1000 dilution and the appropriate HRP-conjugated secondary Ab. Chemiluminescence detection of the separated bands was performed using an enhanced chemical luminescence (ECL) kit (Femto Super Signal Reagent) and Hyperfilm ECL (GE Healthcare, Buckinghamshire, UK). To normalize protein loading in the lanes, the membranes were stripped and reblotted with rabbit anti-GADPH Ab, from Santa Cruz Biotechnology, at a 1:1000 dilution and goat anti-rabbit HRP-conjugated Ab.
Immunofluorescence analysis
The cells were cultured on microscopic glass slides and grown to a near-confluent state. Afterwards, the cells were fixed in 4% PFA in PBS for 10 min at room temperature, permeabilized in ice-cold acetone/methanol (1:1) for 10 min at -20°C, rinsed with PBS and blocked in 3% BSA for 45 min. Anti-MYOT primary antibody (mouse monoclonal anti-MYOT antibody, 1:200 Santa Cruz Biotechnology, Santa Cruz, USA) was used for detection along with the corresponding green dye-labelled secondary antibody (MFP488, donkey anti-goat IgG, 1:200, MoBiTec, Goettingen, Germany). Afterwards, the cells were washed three times with PBS and sealed with DAPI-containing mounting medium (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The expression of MYOT was analysed under a fluorescence microscope (Zeiss Axio-Imager.Z1) by pseudo-colour representations of fluorescence intensity for DAPI at 365 nm excitation and 420 nm emission wavelengths (blue) and for MFP488 at 470 nm excitation and 525 nm emission wavelengths (green).
Statistical analysis
Statistical analysis was performed using Microsoft Excel software. The statistical significance of the differences was determined using the Student's t-test, and p-values of 0.05 or less were considered to be statistically significant.
Results
Analyses of MYOT gene expression in TOP-resistant ovarian cancer cell lines
To determine whether the development of TOP-resistance is associated with the MYOT overexpression, the expression of the MYOT mRNA was determined in TOP-resistant sublines. We observed high and statistically significant increase of the MYOT transcript in both A2780 TOP-resistant sublines (p<0.001 in A2780TR1 and p<0.001 in A2780TR2) ( Figure 1A ) and in W1 TOP-resistant subline (p<0.001) ( Figure 1B) .
Immunofluorescence of the MYOT protein expressed in resistant cell lines
To confirm the presence of the MYOT protein in the investigated cell lines, we performed fluorescence analysis of its expression in A2780, W1 and drug-resistant cell lines. A low fluorescence signal was present in the A2780 and W1 cell lines. In the A2780TR1, A2780TR2 and W1TR cell lines, we observed increase in fluorescence intensity (Figure 2 ).
Western blot analysis of MYOT
The elevated expression of MYOT at the protein level was also confirmed by Western blot analysis. In cell lysates we observed clear increase in MYOT bounds intensity in all TOP-resistant cell lines. Furthermore, a clear correlation between transcript and protein level was observed ( Figure 3A) . Next, we analyzed the presence of MYOT protein in the cell culture medium. Clear increase of bound intensity was observed in A2780TR1 and A2780TR2 cell line in comparison to control -A2780 cell line. Here we also observed a correlation between transcript and secreted protein level. Stronger MYOT bound was also observed in W1TR cell line than in W1 TOP-sensitive cell line ( Figure 3B ). The amount of secreted MYOT protein was much higher in W1 and W1TR cell lines than in A2780 and TOP-resistant sublines. Immunofluorescence visualization of MYOT expression in the A2780, A2780TR1, A2780TR2, W1 and W1TR cell lines. MYOT was detected using the anti-MYOT antibody and MFP488 secondary antibody (green). To visualize the cell nuclei, the cells were mounted with a DAPI-containing mounting medium (blue).
Western blot analysis of secreted COL1A2 and COL15A1
Previously we observed increased expression of COL1A2 in both A2780 TOP-resistant cell lines and increased expression of COL15A1 in A2780TR2 and W1TR cell lines [27] . In this study we wanted to check whether both types of collagen are secreted to the cell culture media. Western blot analysis showed clear increase of COL1A2 bound intensity in A2780TR1 and A2780TR2 cell lines ( Figure 4A ). Increased COL15A1 bound intensity was observed in A2780TR2 and W1TR cell lines in comparison to control ( Figure 4B ). Secreted collagens were also present in drug sensitive cell lines although at lower level (Figure 4 A, B) .
Discussion
The most significant problem with treatment efficacy of cancer is resistance of cancers to chemotherapeutic agents. Some cancers are intrinsically resistance to chemotherapy, however most develop drug resistance during treatment. Most of the researchers focus only on cellular mechanism of drug resistance like expression of drug transporters from ABC family and these mechanisms are abundantly described in the literature [36] . However other mechanisms that are related to expression of ECM molecules and tissue specific mechanisms of drug resistance seem to be even more important from the clinical point of view. Expression of ECM molecules can adopt drug resistance in at least three ways. Dense structure of molecules in ECM can block drug diffusion [12] , some drugs can directly bind to ECM molecules that limit their availability to tumor cells [13] , and some ECM molecules like collagens can bind to integrins and induce CAM-DR [14] . In physiological condition ECM components are produced mainly by cells of connective tissue.
However, in pathological condition e.g. cancer, expression of ECM components was also observed right in cancer cells in vivo [14, 37] as well as in ovarian cancer and breast cancer cell lines [17] [18] [19] . Recently we also observed that ECM components like COL3A1 and lumican (LUM) [26] are secreted to cell culture medium in drug resistance ovarian cancer cell line. In a state where cancer cells of epithelial origin express molecules typical for connective tissue it can be assumed that these cells are able to express genes characteristic for other types of tissues. In pathological state these molecules can play a different role from that observed in physiological condition. The incomparable tool for looking for the new genes related to drug resistance is the RNA microarray. Recently, with the use of RNA microarray, we identified a set of new genes with expression characteristic to resistance to drugs used in ovarian cancer chemotherapy [35] . Among them we identified a MYOT with increased expression in all three TOP-resistant cell lines.
TOP is one of the chemotherapeutic agents used in second line of ovarian cancer therapy in case of platinum and taxane resistant patients [3, 5] . The well described mechanisms of TOP-resistance are those related to decreased expression of DNA topoisomerase I and upregulation BCRP protein encoded by the ABCG2 gene [8, 9, 38] . However, the new genes related to drug resistance are permanently described in literature. Recently we also described expression of a few new genes in TOP-resistant cell lines [28, 29] . Here we describe detailed expression of MYOT at mRNA and protein level.
We observed very high (from 500 to 800-fold) increase in MYOT mRNA level in three investigated TOP-resistant ovarian cancer cell lines. Immunofluorescence analysis confirmed elevated expression of MYOT protein in those cell lines, which indicates that MYOT is equally expressed in all cells. Being aware that immunofluorescence is not a quantitative method in next step we performed western blot experiments to compare the protein expression levels of MYOT between investigated cell lines. In cell lysates western blot results showed clear increase in MYOT protein expression and high correlation with mRNA level suggesting that expression of MYOT is regulated at mRNA level. Because in our previous study we detected COL3A1 and LUM secreted into the cell culture medium [26] we were interested whether MYOT can be also secreted or not. Therefore, we proceed with western blot analysis performed for cell culture medium and indeed, we confirmed MYOT protein presence in cell culture media. Clear correlation between protein level in cell lysates and medium was observed in A2780 and TOP-resistant sublines. For W1TR cell culture medium we also observed increase in MYOT protein level in comparison to control However, the elevated MYOT protein level seems to be much higher in W1 cell culture medium than in A2780 cell culture medium. MYOT has been described as a structural protein in skeletal and cardiac muscle [30] and to our knowledge not as a secreted protein. Therefore, our next step was to determine whether other secreted protein could be detectable in corresponding cell culture medium. Previously we described expression of several collagens in our drug resistance cell lines [27] . Among TOP-resistant cell lines we observed increased expression of COL1A2 in A2780TR1 and A2780TR2 cell lines as well as increased expression of COL15A1 in A2780TR2 and W1TR cell lines at mRNA and protein level [27] . Those results led us to investigate collagens as secreted proteins in cell culture media in the current study. With a reference to previous results we could observe clear increase in COL1A2 protein in cell culture media from A2780TR1 and A2780TR2 cell lines and increased level of secreted COL15A1 in cell culture medium from A2780TR2 and W1TR cell lines. Previously we also described presence of extracellular COL3A1 in W1TR cell line [26, 27] . To our knowledge, this is the first report about MYOT expression in drug resistant cell lines and moreover about MYOT as a secretory protein found in the cancer cell culture media. We undertook a literature search very carefully and we did not find any information about expression of MYOT in any cancer or about MYOT as a secretory protein. Therefore, we could not compare or refer our results to other research and this result need further validation.
Taken together, cells do not use superfluous energy for expression of proteins that are not required for their survival. Increasing evidence indicates that elevated levels of MYOT mRNA and protein expression could be associated with the ability to resist TOP treatment by cancer cells. This finding is consistent with our previous study where we described expression of SAMD4 gene in all investigated TOP-resistant cell lines [28] . This gene encodes regulatory protein responsible for repression of translation and transcript decay by binding to SRE elements on target transcripts [39] . During development of Drosophila embryo it induces a degradation of two-thirds target maternal mRNAs [40] . It is possible that in stress condition, like treatment with cytotoxic drugs, SAMD4 targets less important transcripts leading to inhibition of their translation. As a result, the cell can focus all attention on expression of genes responsible for drug resistance, even those that are normally not expressed in epithelial cells-like MYOT.
Since we could observe that MYOT as well as COL1A2 and COL15A1 are secreted to cell culture medium the issue of the role of these proteins in drug resistance has been raised. Three different possibilities were taken under consideration. The first possibility assumes the role of intracellular and extracellular MYOT and collagens in binding TOP molecules and therefore in limiting its availability for cancer cells' targets. It is highly probable especially in case of MYOT since its expression was demonstrated in all three TOP-resistant cell lines. That remains consistent with other reports where binding of PAC, DOX and VIN to extracellular molecules resulted in their limited availability to tumor cells [12] . Therefore, the potential role of MYOT in cytotoxic drug binding needs further investigation. The second possibility to be considered is a limited drug diffusion. In a previous study, elevated expression of some ECM components, especially collagens were found to limit drug diffusion in cancer tissue [11, 12 41, 42] . Therefore, it is possible that presence of MYOT, COL1A2 and COL15A1 limit TOP diffusion among cancer cells examined in present study. However, to prove this hypothesis further analyses with the use of more advanced models of study, like cells growing in 3D cell culture condition, should be applied [43] . Finally, the third assumption concerns the role of extracellular MYOT and collagens in CAM-DR [14, 37] . Such mechanism of drug resistance has been observed both in in vivo and in vitro condition. Cancer cells utilize a surface receptors -like integrins -and interact with their microenvironment that results in inhibition of drug induced apoptosis. It has been observed that interaction of β1-integrin with ECM leads to resistance of cancer to melphalan and DOX [15] . Moreover, it was demonstrated that interaction of cancer cells with ECM components induces drug resistance in vitro as well. The culture of drug sensitive A2780 ovarian cancer cell line on COL6A3 coated dishes induced resistance to CIS [16] . This mechanism is not restricted only to collagens but was also observed for pancreatic cancer cells growing on the surface composed of fibronectin and laminin, where cancer cells became resistant to DOX, CIS and 5-fluorouracil (5-FU) [44] and for breast cancer cell line MDA-MB-231 growing on the surface of fibronectin and type I collagen that became resistant to PAC [45] . MYOT is a structural protein that interacts with many other proteins in cells [46] . IgG-like domains of MYOT are responsible for dimerization and binding of other proteins like F-and G-actin [31, 47] or filamin C [32] . On the other hand, N-terminal sequence of MYOT is responsible for binding calmodulin-like domain in α-actin-2 [48] . Taking all these findings together it can be assumed that MYOT has a potential to interact with other cellular molecules including cell surface receptors and in this way, can induce CAM-DR. This however requires further studies.
It will be of great interest to elucidate the role of MYOT in TOP-resistance of cancer cells. Therefore, as a continuation of current research a knock-down and overexpression experiments with the use of animal model will be made. In 2D cell culture conditions cancer cells prefer cell-to tissue-specific mechanism of drug resistance. In vivo model allows cancer cells to form tumor-like structure with more significant role of ECM components in drug resistance development. A more thorough understanding of the role of MYOT as a novel agent in TOP-resistance may have an influence on the research leading to more effective treatment of ovarian cancer.
Conclusions
In conclusion, the research has found elevated levels of MYOT expression in response to TOP treatment in ovarian cancer cell lines. Increased expression of MYOT in all TOP-resistant cell lines suggests its specific role in acquiring resistance to TOP by cancer cells. To our knowledge, this is also the first report about MYOT described as a secretory protein found in the cancer cell culture media. The significance of MYOT in TOP or other drug resistance was not described previously and requires further investigation. 
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